We calculate the O(α 2 s β 0 ) corrections to the decay rate b → ccs. corrections to R τ , the B semileptonic branching fraction and the charm multiplicity.
I. INTRODUCTION
The doubly-charmed decay mode of the B meson, B → X ccs , has been the object of recent interest, since this mode makes a significant contribution to the inclusive B semileptonic branching fraction [1, 2] . Recently, the one-loop corrections to b → ccs were calculated [3, 4] and found to be substantial, giving a ∼ 22% enhancement to the tree level rate (for m c = 0.30). This is significantly larger than the corresponding ∼ 5% O(α s ) correction to b → cud decay. When combined with the additional radiative corrections, this brings the theoretical prediction into agreement with the experimental observation, within the theoretical uncertainties [5] .
Since the typical energy released in the decay, ∆ ≡ m b − 2m c (neglecting the s quark mass), is much less than m b , one might expect the relevant scale for the perturbative corrections to b → ccs to be significantly less than m b . Indeed, as stressed in Ref. [6] , the energy release in this process is so small that the assumption of local duality may not hold; it has been argued in Ref. [7] that deviations from duality would not show up at any finite order in the operator product expansion. However, even if the assumption of local duality does hold in this instance, this low scale would result in an even greater enhancement of this mode over the tree-level result. This is a higher order effect which requires a full two-loop calculation to address, which we have not attempted. However, in the approach of Brodsky, Lepage and Mackenzie (BLM) [8] useful information may be obtained by simply calculating the n f dependent piece of the order α n f . Since β 0 is large, this term dominates the two loop result for many processes. The BLM scale µ BLM for the one-loop correction is defined as the scale at which the O(α 2 s β 0 ) correction is absorbed in the one-loop correction. This approach has recently been used to estimate the two-loop corrections to semileptonic top, bottom and charm decays [9, 10] .
In this paper we calculate the O(α 2 s β 0 ) correction to the decay b → ccs. We will find that this term enhances the decay rate by almost as much as the one loop term, and is of the same size as the O(α 2 s log 2 m W /m b ) correction. However, as we will discuss, the O(α 2 s β 0 ) term is not necessarily expected to dominate the remaining uncomputed two-loop corrections.
In Section 2 we compute the O(α 
We will find that the two-loop corrections to this ratio are under control. In Section 3 we calculate the O(α 2 s β 0 ) corrections to thecs vertex. We give our conclusions in Section 4.
The rates for B → X c eν e and B → X c τν τ may be written as power series in in Eq. (1.1) provides a potential constraint on these parameters, although the uncertainty in the measurement is currently too large for these constraints to be useful [14] [15] [16] [17] . As in the case with massless leptons [10] the O(α 2 s β 0 ) corrections to this process are quite large; however, these corrections largely cancel in the ratio R τ .
We write the semitauonic decay of a b-quark in terms of the quark pole masses m b and
n f is the QCD β-function, and n f is the number of light quark flavors running through the vacuum polarization loops. 
where α
is the strong coupling defined in the V -scheme of Ref. [8] , and is related to the coupling α s defined in the MS scheme by
We have obtained a lengthy analytic expression for dΓ(m g )/dq 2 , where √ q 2 is the invariant mass of the lepton pair, which we have integrated numerically over q 2 and m g to obtain Γ
β .
Since the results are very sensitive tom c andm τ , we have chosen to follow the approach of
Refs. [17] and express these ratios as a power series in 1/m B :
where we have defined the spin-averaged meson masses
To the order in which we are working we can just use the leading term in our perturbative calculation. We find
For completeness, we also give the result form c = 0.3 and m b = 4.80 GeV,
As is the case for b → ceν e decays, the O(α 2 s β 0 ) corrections in Eqs. (2.6) and (2.7) are quite large, corresponding to a low BLM scale for this process. However, these corrections largely drop out of the ratio R τ . Combining Eq. (2.6) with the results of [10] , we find 
Neglecting the s quark mass 1 , we write the width for b → ccs decays (where the final state includes an arbitrary number of gluons and light quarks) as
where
is the tree-level result; Γ For the lower vertex corrections, the kinematic structure of the phase space allows us to express the integrals over the momenta of thec quark, s quark, and gluon in terms of the spectral density of the charged V-A current (the imaginary part of the charged current vacuum polarization),
where M µ is the contribution from the bc line and Im Π µν (q 2 ) is the imaginary part of the vacuum polarization. The tensor structure of the vacuum polarization can be decomposed into a transverse and a longitudinal contribution,
Since the functions P l (q 2 ) and P t (q 2 ) depend only on the scalar q 2 , the integration over dτ 2 (P b ; p c , q) can be carried out analytically with a simple computation,
where λ(x, y, z) = x 2 +y 2 +z 2 −2xy−2xz−2yz. The resulting expression is quite lengthy and we do not present it here. The functions P t (q 2 ) and P l (q 2 ) have been previously calculated (for a massless gluon) to O(α s ) in the context of QCD sum rules [20] .
It is then a simple matter to integrate numerically the resulting expression over q It is useful to compare these results with the leading and subleading log corrections to Γ (2) . Form c = 0.3, these are
where we have removed a factor of β 0 = 9 to allow comparison with the second column in Table I . It is straightforward to find the α 2 s β 0 term for the decay b → cud from computations of the charmed semileptonic decay [10] and from the results for R e + e − [19] . Form c = 0.3 this
Combining this with the results of the present work, we find the ratio of the partial widths %.
IV. CONCLUSIONS
We have computed the O (α These corrections are sufficiently large to cast doubt on the applicability of perturbative QCD to this decay mode. Since there is so little phase space, this is not unexpected. These corrections are in addition to the large O(α
